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(57) ABSTRACT

The present invention relates to a diamond screening appara-
tus, comprising: a working platform comprising a working
plane; a conveyer disposed on the working plane of the work-
ing platform for carrying a diamond matrix unit; an image
capture device forming one or a plurality of captured images
in different regions of the diamond matrix unit; a display
device; and an image recognition module, which is electri-
cally connected to the image capture device and the display
device, performs a geometric feature parameter analysis on
the captured images to determine one or a plurality of risk
diamonds of the diamond matrix unit.

12 Claims, 4 Drawing Sheets
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1
DIAMOND SCREENING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefits of the Taiwan Patent
Application Serial Number 102128225, filed on Aug. 7, 2013,
the subject matter of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a diamond screening appa-
ratus and, more particularly, to a diamond screening appara-
tus for screening diamond particles which is used to prepare
a chemical mechanical polishing conditioner.

2. Description of Related Art

Chemical mechanical polishing (CMP) is a common pol-
ishing process in various industries, which can be used to
grind the surfaces of various articles, including ceramics,
silicon, glass, quartz, or a metal chip, etc. In addition, with the
rapid development of integrated circuits, chemical mechani-
cal polishing becomes one of the common techniques for
wafer planarization due to its ability to achieve whole pla-
narization.

During the chemical mechanical polishing process of
semiconductor, impurities or uneven structure on the surface
of'a wafer are removed by contacting the wafer (or the other
semiconductor elements) with a polishing pad and using a
polishing liquid if necessary, through the chemical reaction
and mechanical force. When the polishing pad has been used
for a certain period of time, the polishing performance and
efficiency are reduced because the debris produced in the
polishing process may accumulate on the surface of the pol-
ishing pad. Therefore, a conditioner can be used to condition
the surface of the polishing pad, such that the surface of the
polishing pad is re-roughened and maintained at an optimum
condition for polishing. In the process for manufacturing a
conditioner, it is necessary to dispose an abrasive layer by
mixing abrasive particles and a binding layer on the substrate
surface, and to fix the abrasive layer to the surface of the
substrate by brazing or sintering methods. During the manu-
facturing process of the above conditioner, or when the con-
ditioner conditions a polishing pad, the diamond particles on
the conditioner may be broken to form risk diamonds, such
that the conditioner may become a defective one. Therefore,
it is necessary to implement a detection process for ensuring
an expected polishing performance in the subsequent steps. It
is a known method to use an optical microscope (OM) to
perform a visual observation whether a pad conditioner has
any risk diamond. When risk diamonds are observed, the
positions would be marked by a marked method (such as oil
pen) and taken a photograph. Finally, the photos taken before
and after the grinding process would be compared by a per-
son.

In the known technology, it discloses an equipment for
detecting a defect of a polishing pad conditioner, comprising
a working platform, a placement base and an image capture
device disposed on the working platform, a display module,
and an image processing unit. The image processing unit
includes an image recognition module, a data storage device
and a comparison module, wherein the data storage device is
electrically connected with the image recognition module and
the comparison module, and stores a plurality of reference
image data. The image recognition module transfers the
sample image to a sample image data having the same format
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as the reference image data. The comparison module executes
a comparison of the sample image data and the corresponded
reference image data to determine whether any one of the
sample image data has any defect. The sample images having
defects and without defects would be separately marked and
shown in the display module.

In addition, the other known technology, it discloses a
detection apparatus and method of chemical mechanical pol-
ishing conditioner, comprising: a working platform with a
working plane; a placement base disposed on the working
plane of the working platform for carrying a chemical
mechanical polishing conditioner; an image capture device
disposed on the placement base of the working platform, and
the image capture device and placement base relatively par-
allel to the working plane for forming one or a plurality of
captured images in different regions of the chemical mechani-
cal polishing conditioner; a display device; an image recog-
nition module connected electrically to the image capture
device and the display device; wherein the captured image is
performed a color matching the captured images by the image
recognition module to determine one or a plurality of risk
diamond on the chemical mechanical polishing conditioner,
and the coordinate locations of the risk diamonds are output-
ted to the display device; and a mobile platform used to move
the risk diamonds to specified locations which are the coor-
dinate location outputted by the image recognition module.

However, the above detection apparatus is used to perform
adetection of risk diamonds on a prepared chemical mechani-
cal polishing conditioner. Even though the risk diamond can
be removed by an appropriate removal device, the productiv-
ity of the chemical mechanical polishing conditioner cannot
still be effectively improved. Thus, there is a demand to
develop a screening and detecting apparatus for risk dia-
monds and a method using the same, wherein the risk dia-
monds can be removed before a brazing process to avoid
producing scratches and breakages caused by the risk dia-
monds during a chemical mechanical polishing process.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a diamond
screening apparatus which is used to detect and determine
whether there is any risk diamond present in diamond par-
ticles capable of using to prepare a chemical mechanical
polishing conditioner, and then the risk diamond would be
removed from the diamond particles to further avoid produc-
ing scratches and breakages on a polishing pad during chemi-
cal mechanical polishing process.

Conventionally, the method for detecting risk diamonds is
to directly detect diamonds brazed on a chemical mechanical
polishing conditioner and to remove risk diamonds from the
chemical mechanical polishing conditioner by an appropriate
tool, such as high power laser or a water jet. Although the
method can ensure that there is no risk diamond on the final
product of the chemical mechanical polishing conditioner,
the condition efficiency of the chemical mechanical polishing
conditioner to a polishing pad cannot be maintained if there
are too many risk diamonds on the chemical mechanical
polishing conditioner. Moreover, even if the risk diamonds
are removed by the known method for detecting risk dia-
monds, the yield of the product cannot be increased and the
productivity of the product may also be decreased. Therefore,
it is necessary to develop a diamond screening apparatus
capable of detecting and removing risk diamonds and ensur-
ing the yield and the productivity of the prepared chemical
mechanical polishing conditioner.
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To achieve the above object, the diamond screening appa-
ratus of the present invention includes: a working platform
comprising a working plane; a conveyer disposed on the
working plane of the working platform for carrying a dia-
mond matrix unit; an image capture device disposed on the
working platform, wherein the image capture device and the
conveyer are relatively parallel to the working plane for form-
ing one or a plurality of captured images in different regions
of the diamond matrix unit; a display device; and an image
recognition module electrically connected to the image cap-
ture device and the display device, wherein the captured
image is performed a geometric feature parameter analysis by
the image recognition module to determine one or a plurality
of risk diamonds of the diamond matrix unit. Thus, the dia-
mond matrix unit to be detected is disposed on the conveyer
when the diamond screening apparatus is operated, and one or
a plurality of captured images in different regions of the
diamond matrix unit are formed by the image capture device.
Then the captured images are transterred to the image recog-
nition module which can determine the risk diamonds accord-
ing to the geometric feature parameters, and the positions of
the risk diamonds can be confirmed by a general position
control system. In particular, when the geometric feature
parameter analyzed by the image recognition module is out of
a standard parameter, the diamond particles corresponding to
the geometric feature parameter may be risk diamonds. For
example, in an aspect of the present invention, the shape and
contour of each diamond particle can be captured by the
image recognition module; so that the geometric feature
parameter of each diamond particle can be obtained. Then,
the diamond particles having the geometric feature param-
eters greater than or less than the standard parameter can to
screened by the image recognition module according to a
standard parameter to determine the diamond particles to be
the risk diamonds, and the coordinate positions of the risk
diamonds can be confirmed by a general position control
system.

In the diamond screening apparatus of the present inven-
tion, the risk diamond may be a twin-structure or an internal
crack structure. The geometric feature parameter of the risk
diamond different from a normal diamond having a prefect
crystal may be greater than or less than the parameter of the
geometric feature parameter of the normal diamond. There-
fore, any geometric feature parameter for defining diamond
particles can be used as long as it can be used to determine the
risk diamonds. For example, in an aspect of the present inven-
tion, the geometric feature parameters may be circularity,
ellipticity, sphericity, aspect ratio, roughness, equivalent
diameter, maximum/most effective diameter, rectangle
degree, form factor, optical characteristic, or a combination
thereof. In particular, in an aspect of the present invention, the
geometric feature parameters may be ellipticity and aspect
ratio. Accordingly, after obtaining the geometric feature
parameter of each diamond through the captured images,
those skilled in the art can set a standard parameter based on
the user’s requirements to screen the risk diamonds having
the geometric feature parameter greater than or less than the
standard parameter. At the same time, the coordinate posi-
tions of the risk diamonds in the diamond matrix can be
confirmed by a general position control system.

In the diamond screening apparatus of the present inven-
tion, one or a plurality of captured images in different regions
of the diamond matrix unit may be formed by the image
capture device. The amounts of the captured images may be
randomly varied based on the resolution of the image capture
device ortheuser’s requirements, such as 1, 12, 24, 54, or 108
captured images, but the present invention is not limited
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thereto. In an aspect of the present invention, 24 captured
images in different regions of the diamond matrix unit may be
formed by the image capture device; namely, the diamond
matrix unit is divided into 24 regions for forming 24 captured
images. In another aspect of the present invention, 54 cap-
tured images in different regions of the diamond matrix unit
may be formed by the image capture device; namely, the
diamond matrix unit is divided into 54 regions for forming 54
captured images. In yet another aspect of the present inven-
tion, 108 captured images in different regions of the diamond
matrix unit may be formed by the image capture device;
namely, the diamond matrix unit is divided into 108 regions
for forming 108 captured images. Also, in another aspect of
the present invention, if the image capture device has high
magnification resolution, the image capture device may form
1 captured image in different regions of the diamond matrix
unit, namely, the diamond matrix unit is considered one
region for forming 1 captured image.

In the diamond screening apparatus of the present inven-
tion, the image capture device may be a charge couple device
(CCD) or an industrial camera for forming one or a plurality
of captured images in different regions of the diamond matrix
unit. In an aspect of the present invention, the image capture
device may be a charge couple device. In addition, the cap-
tured image of any data type can be used as long as the
captured image is clear enough to obtain appropriate param-
eters of the geometric features, but the present invention is not
limited thereto. For example, in an aspect of the present
invention, the captured image may be a color format data, a
gray-scale format data, or a threshold format data.

In the diamond screening apparatus of the present inven-
tion, the diamond screening apparatus further include a pick
and place device that may be used to remove the risk dia-
monds from the diamond matrix unit according to a coordi-
nate position outputted from the image recognition module.
Thus, the risk diamonds brazed on a chemical mechanical
polishing conditioner in the subsequent process may be
avoided. In addition, after the risk diamonds are removed
from the diamond matrix unit by the abovementioned dia-
mond screening apparatus of the present invention, the pick
and place device may fill normal diamonds on the positions
on which the risk diamonds are removed. Therefore, the
decrease of the condition efficiency of the prepared chemical
mechanical polishing conditioner due to the vacancy caused
by the removal of the risk diamonds may be avoided. The
above mentioned pick and place device of the present inven-
tion may be a vacuum suction device or an automatic manipu-
lator, but the present invention is not limited thereto. In an
aspect of the present invention, the pick and place device may
be a vacuum suction device. In another aspect of the present
invention, the pick and place device may be an automatic
manipulator.

In the diamond screening apparatus of the present inven-
tion, the diamond matrix unit may be moved through the
conveyer to implement a batch, a semi-batch or a continuous
diamond screening process. For example, in an aspect of the
present invention, the determination of the risk diamonds of
the diamond matrix unit may be accomplished in one working
station, and then the diamond matrix unit may be moved to the
next working station by the conveyer to carry out the removal
of' the risk diamonds and the filling of the normal diamonds.
In another aspect of the present invention, the determination
of the risk diamonds of the diamond matrix unit, the removal
of the risk diamonds and the filling of the normal diamonds
may be sequentially accomplished in one working station. In
yet another aspect of the present invention, the determination
of the risk diamonds of the diamond matrix unit may be
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accomplished in one working station, and then the diamond
matrix unit may be moved to the next working station by the
conveyer to carry out the removal of the risk diamonds.
Finally, the diamond matrix unit may be move to the next
working station by the conveyer to carry out the filling of the
normal diamonds. However, it should be understood that the
configuration of the working station may be regulated by
those skilled in the art according to practical conditions and
requirements of the production line to maximize the produc-
tivity thereof, but the present invention is not limited thereto.

In the diamond screening apparatus of the present inven-
tion, all kinds of methods for building up the diamond matrix
may be used as long as the diamonds can be arrayed in a
matrix, but the present invention is not limited thereto. For
example, in an aspect of the present invention, the diamonds
may be arrayed on an adhesive substrate to build up the
diamond matrix unit. That is, the diamond matrix unit may
include an adhesive substrate and a plurality of diamonds
disposed on the adhesive substrate. In the diamond screening
apparatus of the present invention, the diamonds are arranged
onthe adhesive substrate, which is favorable for the diamonds
of the diamond matrix unit transferred and fixed to a diamond
tool by transferred pasting method in subsequent process. For
example, the screened diamond matrix unit is attached to a
binding layer of a chemical mechanical polishing conditioner
(such as solder layer) and the diamond particles on the dia-
mond matrix unit are faced toward the chemical mechanical
polishing conditioner. Then, the adhesive substrate is
removed so that the diamond particles are adhered and fixed
on the binding layer of the chemical mechanical polishing
conditioner, and the chemical mechanical polishing condi-
tioner (namely, a diamond tool) may be formed by a brazing
process. In addition, the shape of the diamond matrix unit
may be varied by those skilled in the art on the basis of the
practical operation process, but the present invention is not
also particularly limited thereto. For example, in an aspect of
the present invention, the diamond matrix unit may be circu-
lar, rectangular, triangular, polygonal, and the like. Prefer-
ably, in one particular aspect, the diamond matrix unit may be
rectangular. Or in another particular aspect, the diamond
matrix unit may be circular in order to match the chemical
mechanical polishing conditioner but the present invention is
not limited thereto.

In summary, the diamond screening apparatus of the
present invention may be used to detect and determine
whether there is any risk diamond present in diamond par-
ticles used to prepare a chemical mechanical polishing con-
ditioner. Further, the risk diamonds would be removed from
the diamond particles to avoid producing scratches and break-
ages on a polishing pad during chemical mechanical polish-
ing process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of the diamond screening
apparatus of the present invention;

FIG. 1B is a schematic diagram of the diamond matrix unit
to be detected of the present invention;

FIG. 2A is a schematic diagram of the captured image of
the diamond matrix unit of the Example 1 of the present
invention;

FIG. 2B is a schematic diagram of the captured image of
the diamond matrix unit of the Example 2 of the present
invention; and
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FIG. 3 is a flow chart of the diamond screening apparatus of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinafter, the actions and the effects of the present inven-
tion will be explained in more detail via specific examples of
the invention. However, these examples are merely illustra-
tive of the present invention and the scope of the invention
should not be construed to be defined thereby.

Example 1

The diamond screening apparatus of the present invention
may be used to determine whether there is any risk diamond
in diamond particles used to prepare a chemical mechanical
polishing conditioner, and the risk diamonds would be
removed from the diamond particles to avoid producing
scratches and breakages on a polishing pad during chemical
mechanical polishing process. Please refer to FIG. 1A, FIG.
1A is a perspective view of the diamond screening apparatus
1 of the present invention. As shown in FIG. 1A, the diamond
screening apparatus 1 comprises: a working platform 10 com-
prising a working plane 101; a conveyer 11 disposed on the
working plane 101 of the working platform 10 for carrying a
diamond matrix unit 12, wherein the diamond matrix unit 12
includes an adhesive substrate 121 and a plurality of dia-
monds 122; an image capture device 13 disposed on the
working platform 10, wherein the image capture device 13
can movably install on one side of the working platform 10 by
a shifting mechanism 131, and the image capture device 13
and the conveyer 11 are relatively parallel to the working
platform 10 to form one or a plurality of captured images in
different regions of the diamond matrix unit 12; a display
device 14; and an image recognition module 15, which is
electrically connected to the image capture device 13 and the
display device 14, performs a geometric feature parameter
analysis to the captured images to determine one or a plurality
of risk diamonds of the diamond matrix unit 12.

Also, refer to FIG. 1B, since the diamond particles 122 on
the diamond matrix unit 12 are temporarily fixed on an adhe-
sive substrate 121 by an adhesive layer 1212 coated on a
substrate 1211 or the diamonds 122 are directly attached on a
low adhesion tap (not shown), the diamond particles 122 can
be picked and placed by any prior methods. As shown in FI1G.
1A, in Example 1, the diamond screening apparatus 1
includes a vacuum suction device as the pick and place device
16. The pick and place device 16 can remove the risk dia-
monds recognized by the diamond screening apparatus from
the diamond matrix unit 12 according to the coordinate posi-
tions outputted from the image recognition module 15. Thus,
it can avoid remaining the risk diamonds on a chemical
mechanical polishing conditioner in subsequent process. At
the same time, after the risk diamonds are removed from the
diamond matrix unit 12, the pick and place device 16 fills
normal diamonds on the positions from which the risk dia-
monds are removed. Therefore, the decrease of the condition
efficiency of the prepared chemical mechanical polishing
conditioner due to the vacancy caused by the removal of the
risk diamonds can be avoided.

Inthe abovementioned diamond screening apparatus of the
present invention, the image capture device 13 may form one
or a plurality of captured images in different regions of the
diamond matrix unit 12. The amounts of the captured images
may be randomly varied according the resolution of the image
capture device or the user’s measurement standard require-
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ments, such as 1, 12, 24, 54, or 108 captured images, but the
present invention is not limited thereto. Also, refer to FIG. 2A,
in Example 1, the diamond matrix unit 12 is circular, and the
image capture device 13 forms 24 captured images in differ-
ent regions of the diamond matrix unit 12. That is, the dia-
mond matrix unit 12 is divided into 24 regions for forming 24
captured images.

Refer to FIG. 3, FIG. 3 is the flow chart of the diamond
screening apparatus of the present invention. As shown in
FIG. 3, when manipulating the diamond screening apparatus
(referring to FI1G. 1A), the diamond matrix unit to be detected
is disposed on the conveyer 11, and one or a plurality of
captured images in different regions of the diamond matrix
unit are formed by the image capture device 33. Then, the
captured images are transferred to the image recognition
module 35 for obtaining the geometric feature parameter
(such as ellipticity, aspect ratio, and the like) of each diamond
in the captured images. The geometric feature parameter 351
and a standard parameter 352 set by the user would be carried
out a parameter comparison 353 to determine whether the
diamond particles of the diamond matrix unit corresponding
to the geometric feature parameter is a risk diamond. That is,
when the ellipticity or the aspect ratio of each diamond in the
captured images is out of the standard parameter 352 set by
the user, the diamond particles would be determined to be risk
diamonds by the image recognition module 35. In addition,
the coordination position of the risk diamond is confirmed by
a general position control system at the same time. Then, the
image recognition module 35 transfers the above mentioned
results to a display device 34 to show the geometric feature
parameter of each diamond, the result thereof, and the coor-
dination position of each risk diamond. After that, the coor-
dination position of each risk diamond is transferred to the
pick and place device 36 to remove each risk diamond and fill
a normal diamond on the position from which each risk dia-
mond is removed. Thus, the decrease of the condition effi-
ciency of the prepared chemical mechanical polishing condi-
tioner due to the vacancy caused by the removal of the risk
diamonds can be avoided.

Example 2

Beside the diamond matrix unit of Example 2 is rectangu-
lar for being favorable to transfer the diamond matrix unit to
a non-circular diamond tool, the content of Example 2 is
substantially similar to that of Example 1 mentioned above.

Accordingly, refer to FIG. 2B and FIG. 1A, the diamond
matrix unit of Example 2 is also divided into 24 regions to
form 24 captured images by the image captured device 13.
Then, as shown in FIG. 3, Example 2 is similar to Example 1.
In Example 2, the captured images are also transferred to the
image recognition module 35. The geometric feature param-
eter 351 of each diamond in the captured images obtained by
the image recognition module 35 and a standard parameter
352 set by the user would be carried out a parameter com-
parison 353 to determine whether the diamond corresponded
to the geometric feature parameter on the diamond matrix
unit is a risk diamond. The coordination position of the risk
diamond is confirmed by a general position control system
(not shown) at the same time. Then, the image recognition
module 35 transfers the above mentioned results to a display
device 34 to show the geometric feature parameter of each
diamond, the results thereof, and the coordination position of
each risk diamond. After that, the coordination position of
each risk diamond is transferred to the pick and place device
36 to remove the each risk diamond and fill a normal diamond
on the position from which the each risk diamond is removed.
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Thus, the decrease of the condition efficiency of the prepared
chemical mechanical polishing conditioner due to the
vacancy caused by the removal of the risk diamonds can be
avoided.

Although the present invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A diamond screening apparatus, comprising:

a working platform comprising a working plane;

a conveyer disposed on the working plane of the working

platform to carry a diamond matrix unit;

an image capture device disposed on the working platform,

wherein the image capture device and the conveyer are
relatively parallel to the working plane to form one or a
plurality of captured images in different regions of the
diamond matrix unit;

a display device;

an image recognition module, which is electrically con-

nected to the image capture device and the display
device, performs a geometric feature parameter analysis
to the captured images to determine one or a plurality of
risk diamonds of the diamond matrix unit; and

a pick and place device that is used to remove the risk

diamonds from the diamond matrix unit according to a
coordinate position outputted from the image recogni-
tion module.

2. The diamond screening apparatus as claimed in claim 1,
wherein the risk diamonds are determined by the image rec-
ognition module according to the geometric feature param-
eter.

3. The diamond screening apparatus as claimed in claim 1,
wherein the risk diamonds are the geometric feature param-
eter analyzed by the image recognition module out of a stan-
dard parameter.

4. The diamond screening apparatus as claimed in claim 1,
wherein the geometric feature is circularity, ellipticity, sphe-
ricity, aspect ratio, roughness, equivalent diameter, maxi-
mun/most effective diameter, rectangle degree, shape factor,
optical characteristic, or a combination thereof.

5. The diamond screening apparatus as claimed in claim 1,
wherein the risk diamonds have a twin-structure or an internal
crack structure.

6. The diamond screening apparatus as claimed in claim 1,
wherein the pick and place device fills normal diamonds on
the position from which the risk diamonds are removed after
the risk diamonds are removed from the diamond matrix unit.

7. The diamond screening apparatus as claimed in claim 4,
wherein the pick and place device is a vacuum suction device
or an automatic manipulator.

8. The diamond screening apparatus as claimed in claim 1,
wherein the captured images are a color format data, a gray
scale format date, or a threshold format data.

9. The diamond screening apparatus as claimed in claim 1,
wherein the image capture device is a charge coupled device
(CCD) or an industrial camera.

10. The diamond screening apparatus as claimed in claim
1, wherein the diamond matrix unit includes an adhesive
substrate and a plurality of diamond particles disposed on the
adhesive substrate.

11. The diamond screening apparatus as claimed in claim
9, further comprising the diamond particles of the diamond
matrix unit which are transferred and fixed to a diamond tool
by transferred pasting method.
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12. The diamond screening apparatus as claimed in claim
10, wherein the diamond tool is a chemical mechanical pol-
ishing conditioner.
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